The organized fusion and vesiculation of sperm head membrane known as the acrosome reaction is essential for mammalian fertilization (Austin and Bishop 1958; Bedford 1970; Meizel 1978; Yanagimachi 1981 ). The biochemical process of acrosome reaction is not yet fully understood (Meizel 1978) .
A phosphalipase appears to be present in the mammalian sperm acrosome (Allison and Hartee 1970) and there have been suggestions that phospholipase may play a role in membrane fusion (Poste and Allison 1173 ; Bach 1974; Lucy 1975 ). Lui and Meizel (1979) reported that a specific phospholipase A2 inhibitor, p-bromophenacyl bromide (p-BPB) and a less specific phospholipase A2 inhibitor, mepacrine inhibited hamster sperm acrosome reactions in vitro in both the non-synchronous and synchronous (Calcium ionophore A 23187) acrosome reaction systems, suggesting that sperm phospholipase A2 plays a role in the membranes fusion process of the acrosome reaction. Working and Meizel (1981) have shown that an acrosome reaction induced by the proton ionophore carbonyl cyanide p-trifluoro-methoxy phenylhydrazone (FCCP) can also be inhibited by p-BPB and mepacrine (1981) . Ohzu and Yanagimachi (1982) reported that exogenous lysophosphatidyl choline (LC) stimulated the acrosome reaction of guinea pig spermatozoa, and Fleming and Yanagimachi (1981) reported exogenous LC promoted this reaction of hamster spermatozoa.
We report here that phospholipase A2, LC and fatty acid, when incorporated into sperm incubation media, have a pronounced effect on the acrosome reaction and fertilization capacity of human spermatozoa.
MATERIALS AND METHODS

Medium
The compositions of the medium used are shown in Table 1 . Each medium was prepared immediately before use. All media had an osmolarity of about 308 mOsm and pH values of 7.4 to 8.0 during preincubation of spermatozoa (gas phase : 5% CO2 in air at 37°T ABLE 1. The composition of mBWW C). In this study, we used human serum albumin (Lot 91F-9340, Crystallized and Lyophilized Essentially Globulin Free, Sigma Chemical Co., St. Louis, Mo).
Stock solutions of lysophosphatidyl choline (LC), arachidonic acid (AA) and pbromophenacyl bromide (p-BPB) LC (Type I from egg yolk ; sigma) was dissolved in 0.9% NaCI at a concentration of 5 mg/ml. Arachidonic acid (from porcine liver ; Sigma) was dissolved in 0.9% NaCI at a concentration of 10 mg/ml. p-BPB (Sigma) was dissolved in dimethyl sulfoxide (DMSO) yielding 3 stock solutions (1 x 10-3 M, 1 x 10-4 M, 1 x 10-5 M) of 100% DMSO.
Incubation of spermatozoa
Fertile individuals capable of producing semen of good guality (sperm concentration> 60X10-6/ml, percentage of sperm motility>60%, nomal sperm forms>60%) were selected as donors. After liquefaction of the semen (20-30 min at 20°C), 1 ml semen was added to a 10 ml tissue-culture tube containing 3 ml of the medium, which had been equilibrated at 3TC under 5% CO2 in air for an hour. During this procedure, the tissue-culture tube was inclined at an angle of 30 degrees so as to get vigorously motile spermatozoa. The sperm suspension was thoroughly mixed by gentle pipetting and any gelatinous material or cellular aggregations were removed. The sample was then centrifuged for 5 min at 230 xg and the supernatant was discarded. The sperm pellet was resuspended in 5 ml medium by gentle pipetting and the larger cell aggregations were again removed. The sample was recentrifuged for 5 min and the supernatant was discarded. The washed sperm pellet was used for insemination. The sperm pellet (about 0.5 ml) was added to 4 or 5 tissue culture tubes containing 1 ml mBWW medium (control) or 1 ml mBWW medium plus various additives. These additives were LC (5 jig/ml, 50 p g/ml, 500 p g/ml ), AA (5 p g/ml, 50 p g1 ml, 500 pg/ml), p-BPB (1 x 10-5 M, 1 x 10-4 M, 1 x 10-3 M) plus DMSO, and DMSO. Spermatozoa incubated for a total of 4 hr were centrifuged for 5 min at 230 xg and the supernatant was discarded. The resulting sperm pellet was suspended in 5 ml medium. The sample was recentrifuged for 5 min and the supernatant was discarded. The sperm pellet was diluted with mBWW medium and this was used for insemination.
Evaluation of fertilizing capacity of acrosome-reacted spermatozoa Mature unfertilized eggs were collected from the oviducts of superovulated golden hamsters 17 hr after an intraperitoneal injection of human chorionic gonadotropin. The eggs were freed from the surrounding cumulus cells by treating them for 15 min with 0.1% hyaluronidase (from Bovine Testis Type 1-S, Sigma) in mBWW medium, then treated for 2 or 3 min with 0.1% trypsin (1: 250, proteolytic enzyme of the pancreas, Difco) in mBWW medium to remove the zona pellucida. Zona free eggs were thoroughly rinsed with mBWW medium and placed in 0.2 ml of mBWW medium under mineral oil (Squibb) in a plastic petri dish (3.5 x 1.0 cm ; Falcon Plastics). The ability of the acrosome reacted spermatozoa to penetrate the egg was assessed by transferring 20 pl of the sperm suspension to 0.2 ml of mBWW medium containing the eggs. The concentration of spermatozoa at insemination was approximately 5-10 x 106/ml. The preparation was incubated at 37°C under 5% CO2 in air. About 2 hr (LC and AA) and 4 hr (p-BPB) after insemination, eggs were mounted between a slide and coverslip and examined for evidence of sperm penetration of the vitelli. An egg was recorded "penetrated" when at least one swollen sperm head (or sperm pronucleus) and its associated tail were visible within the vitellus (Yanagimachi et al. 1976; Fleming and Yanagimachi 1981; Ohzu and Yanagimachi 1982) . The penetration rate is defined as the percentage of the penetrated eggs among all examinated eggs. Polyspermy is defined as the mean number of spermatozoa penetrating into a zona free hamster egg. Sperm motility was examined at 6 or 8 hr after the start of incubation (Fig. 1) .
RESULTS
Effect of lysophosphatidyl choline (LO)
When human spermatozoa were incubated in ,u g/ml ), the penetration rates were 43.2%, 55.3%, Polyspermy was 0.7, 1.4, 3.9, and 0, respectively. 0-50 ,u g/ml and 0-20% at 500 ,u g/ml of LC ( Fig.   mBWW with LC (0, 5, 50, 500 91.4%, and 0%, respectively. Sperm motility was 60-90% at 2). When the concentration of arachidonic acid was 0 jig/ml, 5 ,u g/ml, 50 jig/ml, and 500 jig/ml, the penetration rates were 51.6%, 87.0%, 80.5%, and 65.0%, respectively. Sperm motility was 60-90% at concentrations of 0-500 ,u g/ml arachidonic acid (Fig. 3) .
Effect of p-bromophenacyl bromide (P-BPB)
When spermatozoa were incubated in control, DMSO, DMSO plus 1 x 10-5 M p-BPB, DMSO plus 1 x 10-4 M p-BPB, and DMSO plus 1 x 10-3 M p-BPB, the penetration rates were 93.3%, 90.6%, 41.3%, 16.0%, and 0%, respectively. Polyspermy was 1.5, 1.2, 0.5, 0.2, and 0, respectively. Sperm motility was 0-10% at a 1 x 10-3 M concentration of p-BPB. Except for 1 x 10-3 M of p-BPB, sperm motility was 50-90% (Fig. 4) . Fleming and Yanagimachi (1981) reported that exogenous LC stimulated the guinea pig sperm acrosome reaction in vitro. Ohzu and Yanagimachi (1982) reported that LC promoted the acrosome reaction of hamster spermatozoa. They have suggested a mechanism involving phospholipase which acts on the outer acrosomal membrane and plasma membrane. In this study we suggest that LC also stimulates the acrosome reaction of human spermatozoa. The fatty acid content of albumin also influences capacitation and the acrosome reaction (Meizel 1978) . Incubations containing albumin saturated with fatty acids reduced the occurrence of the acrosome reaction for a given interval as compared to incubations containing fatty acid-free albumin (Lui and Meizel 1977) . It has been recognized that serum albumin is contaminated by hormones (McMenamy 1977) and enzymes (Taylor 1977) , and that these ligands may influence capacitation (Meizel 1978) . Singleton and Killian (1983) have suggested the phospholipase activity in bovine serum albumin (BSA) is a contributing factor to the beneficial effects of BSA on capacitation.
DISCUSSION
In a soon to be published paper, we report that the penetration rate of acrosome-reacted human spermatozoa in 3.5% human serum albumin (HSA) medium is better than that in 3.5% fatty acid free HSA. It is suggested that fatty acid is a contributing factor to the beneficial effect of HSA in capacitation.
In this report we suggest that arachidonic acid (nonsaturated fatty acid) also stimulated the acrosome reaction of human spermatozoa.
The results of Lui and Meizel (1979) showed that in vitro hamster sperm acrosome reaction could be inhibited by two low molecular weight (<1,000), synthetic phospholipase inhibitors, p-BPB (the specific phospholipase A2 inhibitor) (Volwerk et al. 1974 ) and mepacrine (the less specific phospholipase A2 inhibitor) (Flower and Blackwell 1976) . Our results show that p-BPB inhibited human spermatozoa acrosome reaction. Therefore we suggest that an internal sperm phospholipase A2 may stimulate the acrosome reaction of human spermatozoa. Future studies should include biochemical characterization and immunochemical localization of sperm phospholipase and assay of the enzyme during in vitro capacitation and acrosome reaction induction.
